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(54) METHOD FOR PRODUCING HIGH CRYSTAL SILICA MESOPOROUS THIN FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing a high crystal silica mesoporous 
thin film, by which the uniformity of pore arrangement can be enhanced in a wide area, even 
when the silica mesoporous material thin film is formed on a substrate not having a periodic 
property on the surface. 

SOLUTION: This method for producing a high crystal silica mesoporous thin film, characterized 
by comprising a partial polymerization process for reacting a silicon alkoxide in an acidic solvent 
to obtain a liquid containing the silicon alkoxide partial polymer, a composite material-forming 
process for adding a surfactant to the liquid to form the composite material comprising the 
silicon alkoxide partial polymer and the surfactant, a stabilization process for ac(justing the pH of 
the liquid containing the composite material to obtain the stabilized composite material, and a 
thin film-forming process for forming a thin film from a liquid containing the stabilized composite 
material, and then heating and drying the thin film to reacting the stabilized composite material, 
thus forming the silica mesoporous thin film containing the surfactant. 
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38B7>S-£-xai:, 

ItfTlE^ttft -g-irilSttco p Hft 3 WTK-BIS LT 

Sr L fc -> y * y y *7L**it ft L ft 5 

*«:l**L'>y #y y#?L#8l8lft^3#igfSteai|Sfc* 

y * * y £7L{HVK£>Sifcfr&. 
[f»*«3] S«JIE^JgfigXSrofl(f^BlJE1S-g-«£S:^ 

^k*ft-&tr*K«£roiteS*s 1 0 P a • s £l7t?fc5C i: ft 

y * * y ^dFLflsjf SlW&jf ;frj£ 0 
[|«*Jg5] flflEfy** y#7Lft:SIS»cDgg^s l w 
miUTT-feig, &-o*>>C>miLW.&& 1~5 0 nmffci 
- £ ft4#?g fc i-52f3jt« 1 ~4 OTV>i*ix*»-3®^8EttO 

[00 0 1] 

[0 0 0 2] 

»c»*«l^*»IWW«»i: LT«*ft#lTeflJfli£*tT^ 
£*L«m© 5 *n?L (ISO. l~ 

1 nm©a?L) ft^"i"5#-?Llf*t!|sfi: UT-ift7-f h# 
fclfeftT^Sas. i£ff^ #®«tt*UftfilS!£ LTtfy^ 
^K^ftzk^TKJCS-ttS:: irlci V . y?L (ur&2 
~5 0nm<7?^?L) ft^S •> y ##7L<fc;oq# P^ttS CL 
£#$fi£-$;h.TV^6 (S. Inagaki et al . . J. Chem. So 
c. Chem. Commun . , p . 680 , 1993) „ 

[0 0 0 3] £7t, WHB¥9 - 1 9 4 2 9 8 ^AWc 
f4. MSttlSrftSt Ltr h7 7;^^v">7yS: 

1 ~ 2 n m<0*ffl?L^ft^ri- 5 y * £7U*jf kft 
5- t flSBBTpStvTva. 



[0 0 0 4] ixy *#?L{*:^IKlcBiL--ri4, t^tTA- 

= ^-->->7^ftfflv>y/u-y/u^-< 7 7*3-7-f ^^iw 

cf3S«±tCVy*#7L^lKft^fi!t^-fr5*«fe (Y. L 
u etal., Nature. 389. 364-368. 1997) x ZW-T" h 7 
T/u a ^ 7 >-ft5CJS#S-CSlffi: ^ -tir y * #?LfrS? 
Kft^S^ffi (H. Yang et al . . Nature. 381. 589-59 
2, 1996) m$tltV^5„ 
[0 0 0 5] 

[»iWiW*8tLJ:3 h-t^mm U*»Lftasb» -k5B& 
10 *aWKf4&(cfcE^SJ:5ftFpm£;6Sfc-ofc„ 

[0 0 0 6] 1"ttfc*>, ^ffiett^Jftg^t LTtfy-Jr 

-Y^ftTKffs^^-yrs^&^.tnfi, wm$.<D ->y 

fc, WBfJ¥-9 - 1 9 4 2 9 8^#(C|ffl^<O^ST-»i, 
iNB7LE?'J*|6]©#J«*S5f:«rse-Cfe»3, j^^EgfC 

[0 0 0 7] Lu^ro^tCj;^^ (Y. Lu et al.. 
Nature, 389. 364-368. 1997) tCio^T tflitW 
•>y *#?L*SSfJS?ft#5r. tASTt-f, Yang?,08 
20 telZX&Jjm (H. Yang et al . . Nature, 381. 589-59 
2. 1996) T(4, W&k\-.X-tJ J *-<X<T>mW&tt'* 

S-v-f *»B8Sftfflv^«C»ttvtfftt>-raS^|6l*>ftv^£ 

[0 0 0 8] sWBWtt, ft&ffi#J&III-®^T 
ft£*tfcfca)Tfcy , ^S(iiS^ft^bftv>S«Ji-C 
•>y y*a#©»BB»B8*rfTofc»g-K*lV'>T'b» 
/AV^®^T-*ffl?LKi^J<Ol!9-ttftiS5< t5 r £^^rfigftiS5 

y * y y£n&mm<omm*m*&mi-z z t 

ftSW£i-2>o 

so [0 0 0 9] 

Wft^-r-<<SiE^ft»*afc^m, v-y^vr/ua 
t(c±y, ssic^^ftWuftv^Si-Cv-y y 

/55#C>tL5r£ftai±JL, *^BJft^^H3rfc„ 
[0 0 10] -tf£t>h. *M©itigStti'!JAyy^ 
40 7L«£»IBIro»it*jSfe»4, -> y = >T^=J =^r-> KftKtt® 

«flc«r»a»»«-&xai:, fldlEJRfflcflLffijgttJWftjSS 

^tt?PJ bfrbtaZ, m&ft ft L * 6 «-^*^^XS 
£, mrlEl!g-g-«:ft#tf>eE«:ropHft3£lTtcgSJSLTl!S 

ft^r tf JR^ftHJBWk b*D??ae:«l LTWlElS-g-ff^^k^i 

y * /• y &n&m m ft u ^ -5 sstK^xa t ft -g- 

so tfCt*#iatf5^Tfc5„ 
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[0011] #36138 K*5VNTtt:, ^SSSf^^xmo^ 
Bt*»fett*iBiStt*l*rl»*L'>y *^ y#?L(*f»il«r» 

[0012] *«Mte*»v^-ci4, ittiaje^kxa 

1 ~ 5 0 n m-CfeS Z t 4 LV\ 
[0 0 13] 

[0 0 14] *3SM©W**tt*>y*yy#?Lft: 

^ - -C. ->y a ^3^"^ KtllTIE— jR 
SC (1) T-S$n5tcOT?fe5o zo 
A(i-„) -Si - (O-R) , (1) 

^ **SXtt*MbMlS. nl*lW_L4tlTcQg&$r 

#r. ) 

[ooi5] ±15-^ (D ic*stt5R«>£HbJc*» 

L < lijK^ISSC 1 ~ 5 Oi*7**A«tfc 0 , <t 9 

WilWf, 1-10 07^1, l ~ 

mif 5^ b&X-ZZ. iE-«* (1) 

[0 0 16] ±B-MSC (1) T?« 3*1.3 f I> VTA- 

4r»5wfc^T?*<5rfc*»b, Si (OCHa) «»fl:# 
«itSr^-T5x h7^f^wy->y h (TMO 
S) . RXfiS i (OCzHs) ACOit^mm.^-rZv' h ao 
53t^U^-yuy*>y 4r— h (TEOS) &fflV^rti! 

[0 0 17] JLIEOv'y 3^T/P==¥->- K^ttST/l' 

(-OH) *tii>m&LX1tRf&-&<l:1- 

oT, ->y = vr/Ua**> F&ftS&ftkrti* iD*^«¥ 



T/U3#->/U« (-O-R) Rtf/Xttfr&M (-O 

[0018] 3^3^ Kftj^s-s-fctt, v-y 

a*"0£ 5, ->y = ^T/v= KoTyi'a *->si'&<oM 

a^ro P HSri£< w t k j: 9 toftm&zi&m-tz z t 

**-C*S. iWit, pHrtt2erF"C*>3££**#*U 
<, 1. S«Ttfc5c:ti5±0^U\ 
[0 0 19] iS.1t. ->y =^T/i'=>^-> KSC^fi-g-i*: 

->y =i>'T-'U=i^f> Kw^e/i'S&Srx > tK£> 

m-e-XSI-*3V^-C«x/y(75fittrO. 3 ^.hUi-t-S i 
/J5»4L<, 0. 5tl±ld-t--5rt*5.t9if4L^„ 
[0 0 2 0] SB^a-^X&^ftSS/fcfflSW:, 
15-2 5lCit5iHST-J > EWIigii3 

o~9 o^ttsrt^t^a. 
[0 0 2 1] #J8WroKISi!M!fe->y*P l y*?LflE 

£-#j£fi)iXa{;::fc^T»±, jbaZK<D'>y 3V7/l-3^K 

[0 0 2 2] *<frflc#jaiate:lB^Tttffl^tefc»Eig 
ttSJiL-CH, ^•Y^-yttO 

fi. Gajxtf, 7/^M)>f;W7i' ! t=i'A, T/i-^r 
;i-7V ; t=!>A > t^T/Wdf-yH^^ TAsT^t— V A, ^ 

[0 0 2 3] *W*>ttWaR5H*3Wfc LTIi, ^Tkttfiic 

?PJ»i, 0t|;ite\ — ^;S;c„H2n.i (OCH2CH2) .OH 
t?^$tl, n^l0~3 0, m*Si~3 0"Cfc 5t>Oi s 

[0 0 2 4] £7^ y/utr^^flg^gt^^T-^fiJc^t^ 

S^ifcT-tSo roi^/iSEStt^Jt LTW\ TKy 

^fu^X-^-y-sf Y\>)V\ff> y^y^^f - K *fy 
ai^wy^-df--^^ K>'/i'f^y*y^T7y-i-Wf 
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[0 0 2 5] #ffifStt?PJt Ltd, 3ocr>#yr 

A-df-wy-jj-^i)-^ K4Nft>feft3 hD/By^^^u^- 

#y i.^uv^-df.-y-^ k (eo) wy^fi/y 

K (PO) 2»<=>ft9, (EO) x (P 

O) y (EO) x fcroas^tf feJxS. x, y<4 
-t^itEO, POOi^i9igL?S:S:^1-i6S, xfi5~l 
10, ylil 5~7 0ffe5^t*5Jf*L< > xlil5 
— 2 0, yli5 0~6 0-rfc5wtdS±t)ifiLV\ 
[0 0 2 6] a^U^i^T 5 is<o2m<o&&f%.* 10 

ui^e^^c^ y ^i^^af.^ k (eo) m- 

/t<y7*0t'u-yt#t^ K (PO) «Wtt£-Ufc;**- 
( (EO) x (PO) y ) jNCHiCHjN ( (PO) 

y (eo) x) 2T?3*s*T,Sfcwa«£tf fctts, 

x, y tt^rit-^EO, POO|&i9iEL&&S-t- 11 
[0 0 2 7] _kj£ co #f.ffiJ5ttJW©<fiT*H\ ttAttoffiV^ 
•>y y#?Li*^»5r i:*ST?#5-t*»fe, T/u* 
/H-^f/Ury^^A [C„H2n,i N (CHa) 3] 20 
Wit Srffll^ -5 C: t^s»^ L< , 7^;H-^^7y 
^=A*coTvi^ugcD|£ifc38:te8 — 1 8Tfe5^tas 

y^=r>A^P7-1' K, K9*->/u hi) *f-)\>T % ^"£=-$ 

[0 0 2 8] **#:»*X»K*W^r»t. IfBSttSlJt 30 

<t 9 , i?-ffie^siJtt-> y => ^-r^^ =*•-> KSB^a^tT? 
[0029] ifffiffiteayco ^ -tjuftma-iis y = vta- 

=> * •> K»»*-e-fl:*s A 9 i&* ft l * , $ 
^ttSSB^S^^-CfoSvy *y y#?L#»IRK: 
*J»tSiW?L»d4:ft*. Lfci5 ! oT 1 IffiiSttftdttlilTL 40 
^cofcfeco^^ru— h LT$SH6U 0>J;if4\ #35S 

[0 0 3 0] ->y => y7^=^-> Kg&#a-g-# 

itS" £;S><b, ■yyayi^H^LTff 0. 0 5 — 
0. 2WC&5;J:i:jfiUS *7t, 1g£-#Jgf*X 
Stt, #J;tH\ 10~3 0t(CfcV>T3 0~9 0»COa 

[0 0 3 1] JKfc, *JBW©aStt*tt*>y *^y^7L* so 



*«r£tf«flw p H * 3 WTK LttmtMM 
(JUL flffSfc^O^&XJiTyua-^iBN?) £*D;l 

5 r t j: 9 r t as-ct sa*, wtmrnrnzna 

*c7)pHli2WT-t?fc6^ i:*5jj.4 l< , 1. 5«T"C 

[0032] m&<*Mi&i:&-vftt>titL&&m*, ->y 

y ay7*3f-> K^a^as^ST^*-^^ 

*flc»J«xafcJ3l* S*iBStt«lO»»Ilt i 9 , <0 
*©pH*»±||.Ul»ttfHjE»£ia<5<iS, tKKSw 

i"<ft!3, wO*|j|l»«[Ott**«Jb#L-^i-<ft5. 
[0 0 3 3] ^-fkXe-C(4, pHSr3ElTl:t5wt 
J; o T C £rSP*J U •> V => y7^= K 

S„ dOfc*li»BMt**^r«et!:fta o Sit, SljE^kii* 
»ctt***»k-*-* :iM</j:!), i 9 *&— ft*!!**** 

[0034] je£{fcxat?»e>n*ii'S-**^t««r«' 

tffKfrOtt^d:, 1 0 Pa • sJI7-C*5:iW*L 
<, 5 Pa • s&7-e*5: t^HI-if*L.V\ 
ft»k*fr*tf«*<Ott«j»« 1 0 P a ■ s 

[0035] *a<txaT?#6>ns«-S'*ft3e^k*©ia 

s!clcJ:9, t#fen.5->y y^TL^SKroMSflligSr 

i Ltf h 7 ^vuy -> y ^r— h 5rfflV\ JUffSttJWfc U 
T7/^/i' h y ^f-/UTV-=e-r>A^ K«rfflv>fc 
#-a-|c:*3V^T«4, -7 1 h^^J-^yvy^— hro^-y^Sri 

Kco^e/HKfro. 0 4~o. 1 t KJ: 

tSig^r--^-y- ^t^tt5 r t tms, i ft 5o -*-c, 

^ h7^yyy ^r— ScO^-^Sr 1 t Litt T 

0. 1-0. 1 9i:ts: t^±9i^a«)t*-#a-h' 

[0 0 3 6] j?ctc:, *^B^co^at±v-y *y y^TLfr 
*«©«3a*ife»=i*j»tSJ»«»J«xaS:lllWi-5. ffK 
»j*xa^S3v%r»4, ft*-fkxa-c»b*LfcK-fr#3ffi 
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tt*v\ Mill, *-S-l«fJB<k4l»«r*tf**«r*«±lc 
**-rSiili:J:-aX*«fl:*Jpniei:*«. SffiiLX 

[0037] *&«c*jfete*fc*tf*#«r««fca#i- 

10 0 3 8] «^f*ftje*;fc***tf«fc©Jtof»i*tt, * 
«, jfettftttfl t» 
5. 

[0 0 3 9] arafcfc*i-5«?ro**fc±9*gMfcl,*: 

0iJx.|2\ 7 0—1 5 Ot, «fc9#*L<ttl 0 0 
~ 1 2 0"C£>iP8a5rfrV\ •/■yayr/Wa^rVK^l 

[0 0 4 0] ApjfcSfcJiicoBfflflte, #®i£tt#J=Sr*#L*: 

-> y * y v&iu$mm<D'tii£k>&*ig l #>z> z. t # *jm-v&> 

[0 0 4 1] W»*ritxafclBV^T»b*t5» #®et£ 

TfcSItiSffSK, 0. 1~0. 5 ai mtfc5;i 
*i9ff*U\ NV#1 tf mSrjSi-S^'ttVy V 

U*»bJ5t*s?>. 1 ^m^TCDKJ?0->y #y y#7L<*:» 

mwj y*7L«E»BI«:ttJBU-e-tt-rBtl«r 1 am 
W±fCi-5w 4: #5 "CSS. 
[0 0 4 2] ffffiettJWSr^Lfe^y*^ y*?L«EJ» 

fTLfcSMKtfWkttS w hfrh. 1 ~ 5 0 nmffcS: 

iasj:0#*L<, i~i0nmT?i>5:i*sjEi:j}j 



czr-c, <p-i-wnB.mkte. fwn^m (v) 

JLiSSI (D) -cm^Lfcffl (dV/dD) SrllHLiCS 
(D) icStLT^ay HLfc*» GM?L&£MittfllO » 
f- * K *S »t £ m TLiE^-C fc 5 . 

[0043] a*. mLS&iMftaf*. *ica^<5** 

frSHRSrffiflsaSRffiffi (-I9 6t) (-^SPLTgigjEf 

U 8R««SfSiSft*»S. £09ft*«aJtt:/liV\ Cranst 
on-Inklayfe, Pollimore-Healte, BJHjfc^WtWifcl!: ± 

[0 0 4 4] *3BWU:*^TH\ 5*IS^XS©&[^ 

[0 0 4 5] »KJStt*U«r|»*-t-5*8stt:. »fc«Rtt 

20 »KtT*!Hii-S*ifeS:«VxSi4:a»-e#5. 

[0 0 4 6] J||flJHEj:5*tt»£»v^rn. #Bffiffi&J£ 
4*l,;fc4'y#;*y*?LfttMfMr3 0 0~l OOOt, 

l< ii4 o o— 7 o o°cx-tiam-rz>o ixm^w±3 

lwfli«fBBW±JjD?»i-Sr &4t#*Lv\ jK/£tt&«l<p 
Tff 5r4r«*^rtt"C*>S*s. *a»*R*^^*S38flfei-* 

[0 0 4 7] i^*^TjfffiSiSSfl«ra*rLfc->y# 

[0 0 4 8] M<<:r:H£0||LiESttMt:ffiv*fc»*l±, 

tt«ar**Lfc^y *y y*5fL#»BI«r«*U 5 0- 
7 0 , CT-iB^i-SC:4:^T-SS o mtci S-Y^-^ 

s. m-f *^®i<oftm%itew*m\ / ^m&i*s m-<*^ 

40 Sr^DU^^1 : '-e#ffiSttSiJ^ttta-rSC4:^-C# 

[0 0 4 9] #®Stt?PJ*5^*$Hyh->-y y^TLft: 
»K<olK®:n x l/imymiit^SK, 0. 

1-0. 5 nmm: 4:a»i9#*LV^ Mff X>5 1 „ 
mSrj@i-^g-tt->y *y y#7L<*»Kro«B?Lga?ijOJ!Sj— 

so ox, wei tf mW±coJlffco-yy *y y#?Lfl£»®[ 
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[0050] Rmm&#}i>m±£tiif>)) y#jL# 

&mis-tzMm&'<W<btlZ>Zhfrb. I~5 0nm-Cfc5 
biW£D<\ ^'^jsBTLiS^li. l~3 0nmT?fo5 
ii^j;t)SfSL<, 1~1 0 nmt?fc5ii:as3E»cff 

[0 0 5 1] *%W(c*5U>Ttt, »K«a5fcXS<DllfHc8[ 

iffiiSi StftiSoiB t ffo 1 1 J; < , ^S-fliXSi: 

[0 0 5 2] S£j«aSiPXSIcfctNT, **fleSr*tf«flt 
t=.8S»Di- zmmt LTI4, ^AD^ro^ro p HjJS 3 Srig 

[0 0 5 3] »«EiSAPXmi^*JVNT, 

ffcco*!;*** i o P a • s jy-Rcfc* J; 5 41^5: t 
tf»1Z^<. 5Pa • S yTHi5J:5ftt-Cfc5;t 

[0 0 5 4] #»W0J«**»fcJ:9»&iT,3, IfiffiS 

w_h© dtei^ii-rsiiiifnftgti i *w±©t*-^4t 
ts^twtus xi»ia*ftr— ^»«r©tr-^ft* 

MH"CaaiWl=EWLTV^5Ci:?6:*!*i-5. 
[0055] W-hsagHLAiJ; *%K^te^rtti' 



10 

[0 0 5 6] Lfc/JSoT. *»^<0^«6lcj; 

->y v&jLftmmnm* tem&\zmm-*imx-»>z 0 
10 t5: fc*«riB-cfc9, v-y y#?L#»BS 

[0057] ffffiiSttJW**i«i***t*:->y *p«y 
t, yf-y??'***^ , l s i 

20 

[0 0 5 8] 

v\> 

[0 0 5 9] (UttMl) 1 0 0 mL»t'-A-|: 1 
5. 22g (0. lmol) (Ot b 7 * f-frHrfl' VsV 
^-h (Si (OCH 3 ) i, «TTMOSt»t) 
9tt),7K3. 6mL (0. 2mol) i2mol/L 
WHC 1 Sr 1 0 0 /i LflDifco S?IT« 1 BtRatSWiLfc 

WnJ-f K3. 48g (0. Olmol) £}gft?L 
fc. £ e>fc2&3£*£»0. 2mLM*5 0mL«r*Qx. 

[0 0 6 0] (111) iC^!/3V|>i/>-S: 

^LT, jKi?H/^ hTfc5^U"ftfcl!S 14 0 
0-2 2^fy = -Mfc 0 roBf, [Bllc&dl&g 
lOOOrpmXIOg', 2tl 5 0 00 r pmX 3 0 

T3 0»MILt. §ltiB!V^TC a n n o ntt»{D 
40 e e pUV77^ttffl^t3^^ h^?Sl:±5 
^^SiSr^^fc. flOX'**— L"C«3 am©* h 
9-f y*/<^->-as 2 5 0 a mfWB5T?MA/^* ^ SrfflV^ 

Jt^aoa'J^DX^fjfefl 0 . 5 a mT-feofc 0 
[0 0 6 1] ®Jt4l. 8t»«3tLfc«, giifcW«Uli: 

1 0^frofc a i©«!.a{-± "9 ue>* hftSffiro^l: 

so mmiK^m^t Lfc„ ^cd^, aiestistia 



(7) 
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11 



12 



[0 0 6 2] ±IBO=J— ^^fffiSr, x-f y^s — 
f-f "5 5~2 Omm/^CO^I^itfjg^-CS 

izx 1 i*MAlM«£M$«, #|LBiSttJH*r**Lfc->y * 

7t. ->y y&nftmm&j&i&zirifzmmi 

SrT-fe K U gtiS^PLfcir^i'^ 

ofigsfe 4 &*>\ y * * v^tummiok* 

140. 3 w mTfeo/t, 

[0 0 6 3] (Htswi2) ti>^f'>/uhy^f^ry 20 

p 7-f KcOffiSr, 5. 67g (0. 016m 
ol) i Lfcftilte, HJ60IJ1 tlSHfUcLTpHl. 5© 
= >'^tt«r#fc. mifflV^t, SMMUlfcTW 

[0 0 6 4] 2£«£0tJ 1 -CfSfeftfci' y # * V £?Ltt$HR 

* fc . sum* i x-% hfti^*sv*>*v £R#mm<nj£& 



[0 0 6 5] HJ6^J2T?#fetufev'y y#7L»:^ 
S^XSr® 6 ('^i-„ m 5 &7jqg| 6 j; V) gy^j 2 b 

tufc y y * ^ y ^TL^Koss^igign ~ - tr ? ? -e 
[0066] «jfc0U.&i/2-r#<bix£.->y y#?L 

ft***-*-. 0 8 i<3HS£CJlT-#?>ixfc'>y*^y# 

T?#p>ix7t-yy *y y#^»Kw^^«B?Lii:Stt2. 
[0 0 6 7] 1 fttl>Xttfl 2 -effrft Lfc»B£coa? 

Lit. ztDte&Z&i Sifc^L. 

v-y v&ii#mm) xte*<Dmmfkmat/vi£-M n 

^^^•y-=f^uT-fo5->y y^?Lf*:?*ig) teiiftro 

- tr y ? mn * *3 Tfl5v &*ri- 5 <o 
-r>hvxmm~^mx'hz>z.k&n*£tiit. Sfc, cro 

[0 0 6 8] 
[SSI] 









(C18TAC/TMOS*=0.1) 


23.6° 


23.5* 


22.6° 


24.4° 


(C18TACVTM0S*=0. 165) 




<5° (»J«T®iUT) 






(3— ^i>^#7069) 


20.0° 


19.3° 


19.0° 


19.0° 



C18TA(yTMOS* : »»*5#MiV*7>e^WD«K©fl^W^»W^ 



[0 0 6 9] (it^Jl) 10 0mL^^"^-lCl 
5. 22g (0. Imol) OTMOSSrffiJ 9 , 7k 
3. 6mL (0. 2moi) k. 2mo 1/LCOHC 1 



50 



loo/I Lio^ytc s?a-e 1 »wa#ufc«, 

K3. 48g (0. Olmol) Sr^ft?L)t 0 w*X^2 



13 



(8) 



14 
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[0 0 7 0] ?4 -yzr^-T-sf I'f'mzX <0 % 5~2 0 
mm/»ro?| t _htf i££T- SUSSM 1 2 T*ffl^/t <b <£> 

«Kt4oft. HSJfl4 2tfm«±i:/j:ofc„ X8I 

EUff/<!?->'*S±t«iafH«^WI»«t (T EM) fi|^(C 

r^ib^ftas, »*ttttjllB«llO'b«)±!J«)5o-C 

[0 0 7 1] (Hi£0!l3) 10 0mLOir-A-Cl 
5. 22g (0. lmol) ©TMOS<SrW5 t 9 . 
3. 6mL (0. 2mol) t 2m o 1/LOHC I 5: 

ioo*/ L*Dx.^ 0 ^?a-e i wiBuwLfca, nmm& 

K3. 48g (0. Olmol) &jgfl?L*: 0 £ fete 2 
&5&»»eo. lmLM*50mL5rJPtpH5-l. 5 
iCLTa-f^ Lfc. 20 

[0072] ^fyu^-?x?tffit^Dc^^y ? i; 
fig 6(i, r^$-^-a«8jt^a&©»jig«tt7ds»fifc* 

(5X10 -3 To r r) tUfc, T/L- 5 -J-gJg 8 £>*g N 
•5riX-^n3mm, 16mm, 0. 6mm 
Xh^it„ e4fe©W?^«tti7<7?l?Stti^l um, 

®ffiffflM5tt 2 0 0 iimk Lfc„ ^./n'j/^ y ^j/O^ 1 
0 0 0-CICT l^WJOlRftiaSrftUfc. JfcV^T-, 80jlf£1t 

[0 0 7 3] ^-O'^ifefcJ: 9, -fev-y-^ 

#»*»«:. iOit, 5l£_ktfiiStt2 0mm/»i 
Lfc„ i o otldis^T l fl*NM)D9IMS;ftU Sf- 

5 5 o'c^c33^^T4Bf[^g|fi£^^f^^^ffl^Lrtro^.®s^4?f|J 
wic^fetufevy y&n#mm<ot£&no. sum 

[0 0 7 4] 0t»M2) 5 s V 

«HJS^J3 tingle LT = — r^>^fRSr#, 

3 1 iqflitc lt -> y * MB* v 

#fc„ ft:fb\ w(0->y A^IrolfliO. 3^mfJjo 

[0 0 7 5] Uliteflaj 3 RXfiit&M 2 t» e,*i,fc-fe v-y-^ 
s/7"U:oV^T\ 2 5'C<75*9»?a^?rO~l 0 0%4-X?^ 

Ai:-<^tf— y^ioBB««rBll 0(^^i- o |2|i 0 X so 



->y y&iLtimm&i&f&ztLitmmmsizjiZ 

t^tfyrit, «*HMEi6S5 0%WiE-C-f Vtf-^^ 
***«*-f-3Wtt«rjj*Lfcitf. — *"C, tt:SiJ0iJ2J*±6 
ir y 8 0 %J£1±TM'>' 

[0076] r sts^i3r-»^nfc-fe>--y- 
f-yT'SrfflVV -Yvtr— ^v^asi o 8 o lefts £5 

#3wfc#tea»ofc. Hffi^J3Tffl.e.iafc-fe:>'^ 
fy/S:fflV^»i«t0^6 7 0*, 7 0%^t,0% 
-"-i^-ftS-frfcit OJS^ttSria 1 11'^-*% Ell 1(75 

t, 7 o o %-.»t^tt t § tia^rt t-^ ^ 

[00 7 7] (2£tte0!l4) t^^f^V-hy ^f^rv 
T V^--^A^ P K3 . 20g (0. lmol) & 

[0 0 7 8] IJtCHJ4T1#t 1 nfct yf^j»^icov> 
■C. 2 5*Cro1lWSS^0~l 0 0%*-C^fc£-£fci 

-^>-^(75ia^SrEl 1 2te7j*1\ ftfc\ Ell 2lc«^ig 

7^ KSrfflV^j«6fif!l3«)ilS*t«*TS%Lfc. 012 

srffiv^Tffl.t 5 ^^7t->y * * v&iutmm$:m-r 

^•VrfisiV V y ^f/i'T v^e— 'J/Ai' u^^ KSrffiv 
[0 0 7 9] ^#tr ^ h !) ^ f/'l'T V* = ^ A ^ D 

[0 0 8 0] 

->y jj* vg>nftmfm<»&i'&JjmK£?) . stmzmm^ 



(9) 

15 

So 

[0 3] jat«ifc*ji^r#fetLfc->y*P«y#?Lft:}» 

[El 6] Mkff 2 letter* *y yfAttiv 

[07] njfim&t*2K:m>-c&feixfc->y #;< y£ 



[0 1] 




1 2 3 4 5 6 

2 0 (degree) 
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[08] &MMl&Tf2\zS3\,^xmbtitL->}) iJ* V# 

[El 9] Safc«3te*»v^TfflV^feiifc««*r*i-HT'*) 
5„ 

1010] nMM 3 Rxftt&M 2 izts^x 'ft tbtilft is 
[011] \zt6\ l ^xnhixtz.-^>^-=f--y^<on 

[012] j!16«3 2fcVjl*«4K*JV^#fe*tfc-feV 
[fSf-Sp-W&BJ] 

1- StS. 2 — us?* HBffctt, 3- —>y = v^i^n 
— , 5 y#*u*»&, 6-* 



[02] 




[04] 




■'»--'*», » ■ • > i ■* r i i ] c • r ^ ■ ■» 



30nm 



4*33 2 0 0 1 



-13 0 9 11 



ms] 



[me] 




3 4 5 

2 0 (degree) 



30nm 



17] 



[128] 




0.00 0.10 0.20 0.30 0.4O 0.50 0.60 0.70 0.60 0.S0 1.00 

P/Po 



2.00E+G2 
1.80E-KJ2 
1.60E+O2 
1.40E-KB 
1-20E-KJ2 
y 1.00E+02 
^ B.00E+01 
6.00E+01 
4.00E*01 
2.00E+01 
O.QOE+00 



3 4 5 



on 



[|§]9] 



/ 



1 0] 



10io 

« 109 
K 

£ 108 
I 

A _ 

V 10 7 

106 



1 1 

100Hi 

CX-^j ,. 


1 1 


1 1 T 1 i 




!U ^ 









20 



40 60 
4§tt&£ (%) 



80 



100 



(11) 
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7ny h-s— i?nt&% 



(72) S^ig" 

ift© 1 t**£tfc»B<f*WSSBfrt 



(72)»W# H3& 

ttJ*-*Mfe*T|TftA3091 ^^^#1010 
* 

(72)»W# SB »Hi 

tt*JIM&*.TlnE*1980- 5 3E^e&«A« 
#204 

F*— A(#%) 4G072 AA29 BB09 BB15 FF09 GG03 
HH30 JJ14 KK17 LL15 NN21 
PP17 QQ05 UU01 UU30 



